Abstract
Introduction

42
The kinetic plot theory, first developed for LC and recently extended to GC, provides a 43 general framework to compare the quality of different chromatographic systems in a 44 geometry-independent way, as well as to guide system design and determine optimal 45 working conditions [1] [2] [3] [4] . In a kinetic plot, a measure for the analysis time (typically the t 0 46 time, or the time of the last eluting compound) is plotted versus a measure for column efficiency (typically the plate number N or the peak capacity n p ). Whereas in a Van Deemter-Measurements on the 120 m column were performed using a mixture containing 100 ppm of 88 each component and a split ratio of 10:1 to increase the signal intensity. 89 
Theory
90
A kinetic plot extrapolates the observed efficiency of a given column (with a certain length 91 and stationary phase), measured in the form of a Van Deemter curve, to the expected 92 efficiencies of the same column but at different lengths and all operated at the optimal 93 pressure. A necessary condition for this theory to be valid is that the peak elution pattern is 94 preserved when the column length is changed (i.e., that all peaks retain their relative elution 95 time). In gas chromatography with H 2 as carrier gas the logarithm of the retention factor k is 96 inversely proportional to the carrier gas inlet pressure, however in the range of inlet 97 pressures used in this work (and most GC experiments) this dependency is negligible [21] . 98 For isothermal GC the necessary condition is thus met simply by running all measurements 99 at the same temperature. For temperature gradient GC, it is shown in [22] that scaling the 100 gradient time proportionally to the void time leads to a constant peak elution pattern. 
Kinetic plot expressions
103
The general theory for kinetic plots in GC was introduced, and checked for the isothermal 104 case, in a previous paper [4] . It was shown that the kinetic performance limit (KPL) of a given 105 chromatographic system can be calculated by scaling each of the different performance 106 characteristics: length (L), column void time (t M ), and peak capacity (n p ) with a specific 107 elongation factor. This column elongation-based approach is based on the direct physical interpretation of the 112 column length extrapolation process needed to arrive at the kinetic performance limit of a 113 given chromatographic system, transforming a given peak capacity (n p,exp ) obtained in a 114 given time t M,exp on a column with length L exp and producing a given pressure drop Δp exp into the peak capacity one can expect in a column producing the optimal pressure drop Δp opt 116 while keeping the same mobile phase outlet velocity (and hence having an adapted length 117 L KPL ).
118
Whereas in LC the expressions for  are very simple [3] , the expressions for the pressure 119 dependency of the elongation factors for thin-film GC are more complex, and have in [4] 120 been shown to be given by: Where Δp is the pressure drop over the column, P is the ratio of inlet pressure to outlet 125 pressure, and the subscripts "opt" and "exp" refer to the optimal and experimental values 126 respectively. 
Calculating the roots of this cubic equation, as previously described in [4], we obtain one real 138 and two complex roots: Where ψ is a constant for a given experimental set up and only depends on the 218 dimensionless heating rate, which is furthermore the same for all experiments. This equation 219 can be transformed into a form relating n p to H as: mm diameter -1 [25] .
The data presented in Table 1 The experimental verification of the flow rates in Table 1 is presented in Fig. 3 and Fig. 4 . In Table 1 -b at 100 °C and L = 15, 30, 60, and 120m were experimentally verified.
313
It is also shown ( Table 2 ) that using the t M -compound in the calculations leads to optimal 314 flows which are roughly two times higher than those obtained when using the other 
Conclusions
320
It is shown experimentally that the kinetic plot theory for GC, previously developed for 321 isocratic conditions [4] , is also applicable to temperature-programmed GC, provided that the peak capacity is used as a measure for efficiency, and that the gradient time is scaled 323 proportionally to the void time to preserve the peak elution pattern. We only observed a 324 discrepancy between theoretical prediction and experimental verification at very long 325 column lengths (120m), but these can be attributed to the rounding errors on the imposed 326 flow rate of the instrument.
327
It is furthermore shown that the Van Deemter data needed to calculate the optimal pressure 328 for temperature-programmed GC separations can be found from isothermal Van Deemter 329 measurements at the significant temperature (as defined in [24] ). Table 2 . Optimal flow rate in mL/min as a function of column length and oven 
